INTRODUCTION
Qi Dashan Mineral Processing Plant is a large oxidized iron ore processing base that belongs to the Anshan Iron and Steel Company, in Liao Ning Province, Northeast China. It processes eight million tons of oxidized iron ore and produces 2.7 million tons of the iron concentrate annually. In previous years, the grade of the iron concentrate could reach only about 63%Fe. In order to increase the concentrate grade, extensive test work had been done during the past several years. Finally a gravity separation-high intensity magnetic separation-reverse flotation flowsheet was chosen, in which high-intensity magnetic separation is a very important process. Through comparison of several types of high-intensity magnetic separators, ten SLon-1750 Vertical ring and Pulsating High Gradient Magnetic Separators were chosen for the high-intensity magnetic separation process. low concentrations of harmful elements such as S and P. It is thus expected that very good iron concentrate could be obtained using an efficient mineral process. Tables I  and II summarise the assay and mineralogical composition of the ore.
THE PREVIOUS IRON ORE PROCESSING FLOWSHEET
The previous iron ore processing flowsheet is shown in Fig. 1 .
The crushed iron ore was classified into two fractions of À20 mm and À75þ20 mm. The À20 mm fraction was treated with a spiral-high intensity magnetic-flotation flowsheet. The À75þ20 mm fraction was treated with a roast-low intensity magnetic separation (LIMS) flowsheet. The overall results were: the feed grade 29.86% Fe, the iron concentrate grade 63.22% Fe, the tails grade 11.92% Fe, the iron recovery 74.04%.
Problems of the previous flowsheet were that the grade of the iron concentrate could reach only about 63% and the roast process was costly, caused heavy pollution and the working conditions were difficult.
In 2000, reverse flotation was tested at the Workshop One. It demonstrated that the iron concentrate grade could reach 65% Fe.
THE COMPARATIVE TEST OF SLON VPHGMS
In early 2001, a SLon-1500 vertical ring and pulsating high-gradient magnetic separator (SLon-1500 VPHGMS) was installed at the Workshop One. A commercial comparative test was carried out between the SLon-1500 VPHGMS, a WHIMS-2000 horizontal ring high-intensity magnetic separator and a DGYC-1860 vertical ring permanent highgradient magnetic separator. This three months long comparative test, demonstrated that SLon-1500 VPHGMS was the most efficient and most reliable magnetic separator. Comparison of the results is shown in Table III . Table III shows that with SLon-1500 as compared to DGYC-1860, grade of the magnetics and the iron recovery are 2.89 and 5.45 per cent higher. Comparison of SLon-1500 with WHIMS-2000, shows that its mags grade and the iron recovery are 3.83 and 19.26 per cent higher. SLon-1500 VPHGMS not only achieved much better beneficiation results, but also it possesses advantages of a higher operating ratio, higher ore throughput capacity, no matrix blockage problem (matrix is always kept clean) and it is much easier to maintain than the other types of magnetic separators. installed. Additional four SLon-1750 VPHGMS were installed in the Workshop One to replace the previous five WHIMS-2000 high-intensity magnetic separators. The entire direct flotation was changed into reverse flotation. The new principle flowsheet is shown in Fig. 2 and the installation of SLon separators is shown in Fig. 3 . The results of the new flowsheet as compared to the previous flowsheet are shown in Table IV . Table IV shows that the new flowsheet achieves very good quality iron concentrate, the grade of which reaches 67.11%, which is much higher than 63.22%, achieved by the previous flowsheet.
As the novel flowsheets of the Workshop One and the Workshop Two are similar, let us have a look at the details of the new flowsheet of the Workshop Two.
As shown in Fig. 4 , the À75þ20 mm iron ore is crushed and ground to 60%-200 mesh by a primary ball mill and classified by a cyclone to two fractions. The coarse fraction is treated by spirals and MIMS (medium-intensity magnetic separator). The spirals remove part of the coarse iron concentrate and the MIMS discharge part of the coarse tailings. The spiral middlings and the mags of MIMS are sent to the secondary ball mill and then returned to the cyclone feed. The fine fraction (90%-200 mesh) is treated by LIMS (low-intensity magnetic separator) to concentrate magnetite, then by six SLon-1750 VPHGMS concentrate hematite and discharge part of the fine tailings. The mags of LIMS and SLon-1750 are mixed and further cleaned by reverse flotation. The spiral concentrate and flotation concentrate are joined as the final concentrate. The MIMS tailings, SLon-1750 tailings and flotation tailings are joined as the final tailings.
Advantages of this flowsheet are the following: the spiral takes out most of the liberated coarse iron concentrate and the MIMS discharges part of the coarse tailings, which greatly reduces the feed into the secondary ball mill (10 primary ball mills to 3 secondly ball mills). The tailings grade of 6 SLon-1750 VPHGMS only is 8.91%, the mass ratio of the tailings to the feed of SLon-1750 is 73.31% and 31.31% to the feed of the flowsheet, 47.45% to the total tailings of the flowsheet. Because the tailings grade of SLon-1750 is very low and the proportion is relatively large, SLon-1750 not only effectively controlled the fine fraction tailings, but also guaranteed the high iron recovery of the total flowsheet. Reverse flotation can achieve good quality of the fine concentrate.
CONCLUSIONS
Most Chinese iron ores are very poor. To get good quality iron concentrate, it is necessary to apply efficient equipment and advanced technology to treat iron ores of low grade.
Qi Dashan Mineral Processing Plant is a major iron ore concentrator of the Anshan Iron and Steel Company. The grade of its mined iron ore is only about 30% Fe. Its previous oxidized iron processing flowsheet can only obtain iron concentrate with the grade of 63.22% Fe. In recent years, the plant developed a novel flowsheet consisting of spiral-SLon VPHGMS-reverse flotation, which replaced the previous flowsheet of coal gas roasting-low-intensity magnetic separation. Its iron concentrate grade reached 67.11% Fe. The iron concentrate quality has been greatly upgraded and the processing cost has also been reduced. Ten SLon-1750 vertical ring and pulsating high gradient magnetic separators (SLon-1750 VPHGMS) are installed at the plant. Their successful application in the 8 million oxidized iron ore processing plant demonstrated that they are very efficient and reliable. They successfully control the tailings of the fine fraction. The iron recovery of the plant reaches 74.79%. The average iron concentrate grade and recovery are expected to reach 67.20% Fe and 76.80% respectively as the flowsheet is being improved in the coming years. 
